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Abstract 
Spectroscopic measurements in the range from 350 nm to 1050 nm for pure H2O and CO2 fluids at 
high temperatures and pressures were carried out to observe critical phenomena using an optical cell 
autoclave. The intensity of transmitted light though the fluid became drastically lower around the critical 
point in both cases of H2O. The minimum intensity of transmitted light corresponded to the critical 
temperature and pressure of each fluid. The supercritical region beyond the critical point for water has 
been inferred to be a homogeneous state, which does not correspond to either a true liquid phase or a true 
vapor phase. Results of supercritical-state dissolution experiments using granite and quartz show that this 
fluid can be subdivided into two apparent phases comprising a ‘liquid-like’ region and a ‘vapor-like’ 
region. Spectroscopic measurements are powerful tool to identify bulk molecular behavior of fluids at 
sub-and supercritical states. 
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1. Introduction 
Water – Rock Interaction (WRI) plays a significant role in Earth Processes such as diagenesis, volcanism, 
metamorphism and other related geochemical and geophysical processes. Here, “water” indicates not only 
pure water but also multicomponent fluids, and geofluids usually described as H2O-CO2 with electrolytes 
such as NaCl, KCl, and other species. Hydrothermal alteration [1], ore formation [2] and related 
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phenomena such as vein formation [3-5] are thoroughly investigated water–rock interaction process. 
Physicochemical state of geofluid materials such as CO2 and H2O are divided into three phases, solid, 
liquid and vapor phases. Particularly, a boundary between vapor and liquid phases is called as a saturated 
vapor pressure curve. The curve is terminated at a point defined as critical temperature (Tc) and critical 
pressure (Pc), named critical point. At the critical point, both density of liquid and vapor phase should be 
equivalent. The fluid at higher temperature and pressure conditions above the critical point is so-called 
supercritical state [6].  
Supercritical state has some characteristic properties on chemical reactivity, solubility and/or ionic 
product. For instance, it is possible to vary density of the supercritical fluid continuously by small 
controlling pressure and temperature. Supercritical geofluids are not unusual physicochemical state in the 
Earth’s interior, and they have great role for Earth scientific events such as earthquake, volcanic 
activities, and hydrothermal ore formation.  
The Tc and Pc of H2O-CO2 and H2O-CO2-NaCl fluid were determined by using direct observation of 
disappearance and appearance of the meniscus in the fluids [7]. This is first trial to determine the critical 
points of fluids by direct measurement through transparent windows installed in autoclave. However, 
there are some difficulties and uncertainties to observe disappearance and appearance of meniscus 
because of opalescence near the critical point. Opalescence is scattered light on a critical point due to 
strong vaporization and condensation of fluid. Observation of geofluid through transparent windows in 
pressure vessel is useful technique to determine Tc and Pc of multi component fluids. The purpose of this 
study is to establish a new measurement technique in order to determine a critical point of multi-
component fluid and to observe optical properties of the fluid near the critical point.  
 
2. Experimental 
2.1 Experimental apparatus and fluids 
Spectroscopic measurements at high temperature and pressure conditions were carried out by using an 
autoclave with an integrated optical cell. Fig.1 shows a schematic illustration of the experimental 
apparatus. The maximum temperature and pressure of the apparatus were 500 ºC and 40 MPa.  
The inner fluid could be observed through transparent sapphire windows installed at both sides of the 
autoclave. Diameter of the transparent sapphire was 25.5 mm and 13 mm in thickness. The internal 
diameter and capacity of the autoclave were 15 mm and 12.5 cm3. The main body of the autoclave was 
made of hastelloy-C-22 alloy. Spectroscopic behaviors of H2O and CO2 were measured as a simple 
geofluids. Filling ratio of fluids in the pressure vessel was 50 % (6.25 cm3). 
 
2.2 Spectroscopic measurement  
Incident light source was halogen lamp that could cover wide wavelengths with smooth profile.  The 
detector was set at the opposite side, and the spectroscopic measurements of the inner fluid in the range 
from 350 nm to 1050 nm with 0.43 nm step were performed by using 
multichannel spectrometer (SOMA OPTICS, LTD., S-2600) during both 
stages of heating and cooling. In case of H2O, heating rate was 1.6 - 
1.5ºC / min. In case of CO2, the heating rate was 1.9ºC / min. After 
overheating into the supercritical condition up to 400ºC, the fluid was 
cooled down with cooling rate 3.5ºC /min for H2O and 0.6ºC /min for 
CO2. 
An exposure time was fixed as 10 ms in this measurement; however, a 
cumulated number of spectroscopic data was related to behavior of fluid, 
heating and cooling rates. Relatively slow changes were observed for 
H2O, but quick critical phenomena were obtained for CO2. A cumulated 
Fig. 1 Schematic illustration of visible-type autoclave. 
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number for H2O was 5000 times during heating and was 2000 times during cooling, and it was 100 times 
for CO2 during heating and 200 times during cooling. Baseline of the measured spectra was calibrated by 
background of emission of the halogen lump. 
3. Results and Discussion 
Figure 2 shows spectra of H2O as a function of temperature. Intensities of wavelength above 500 nm were 
very low in the range from 350 ºC to 365 ºC during heating (Fig. 2a), and then slightly increase of 
intensity was recognized with increase of temperature above ca. 365 ºC. Approaching to the critical 
temperature of H2O which was ca. 374 ºC, the intensity was drastically decreased and then increased 
again above ca. 380 ºC. The obvious optical properties of transmitted light through H2O under high 
temperatures were extremely low intensities around the critical temperature.  Supercritical H2O was 
cooled down to critical temperature after overheating, intensity of transmitted light decreased suddenly 
around the critical temperature (Fig. 2b). In subcritical condition below the critical temperature, the light 
intensity became relatively high around 370 ºC, and intensity decreased again below ca. 365 ºC.        
Behaviors of H2O in terms of spectroscopic characteristics were almost similar during heating and 
cooling stages. In other words, hysteresis of spectroscopic data around the critical point could not be 
recognized in the case of H2O. Intensity for wavelength between ca. 940 and 960 nm was always dark 
through entire temperature range in both cases of heating and cooling stages (Fig. 2a, b). Those 
absorption in near-infrared region was corresponded to a combination of fundamental vibrations of –OH 
in H2O molecule.  
Based on spectra of pure fluid observed under subcritical and supercritical conditions, bottom of the 
intensity of transmitted light was obtained around critical temperatures. It is considered to be possible to 
determine a critical point (temperature) by searching the minimum intensity of transmitted light. Figure 3 
shows relationship between temperature and relative intensity of transmitted light through H2O at various 
wavelengths of 500, 600, 700, 800, 900, and 1000 nm during cooling stage shown in Fig. 2b. The 
minimum values were recognized in all wavelengths around 374ºC, and experimentally determined 
critical temperature of H2O was defined as arithmetic average value of the minimum values of intensities 
at 500, 600, 700, 800, 900, and 1000 nm. Critical pressure was obtained as the pressure value at 
calculated critical temperature mentioned above.  
Fig. 2  Measurement of H2O spectrum as a function of temperature. (a) Heating stage, (b) Cooling stage. 
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Table 1 summarizes experimentally determined critical temperatures and pressures of pure fluids of H2O, 
and CO2 with reference data in literature. Experimentally determined critical temperatures and pressures 
during heating stages for H2O were slightly higher than those determined during cooling stage. However, 
difference among those values could be acceptable to understand geochemical behaviors of water –rock 
interactions in the Earth’s interior. It is possible to apply spectroscopic measurement to determine critical 
points of multicomponent geofluids, and qualitative analysis could be developed.  
4. Conclusion 
Spectroscopic measurements of H2O and CO2 in the range from 350 nm to 1050 nm under sub- and 
supercritical conditions were carried out in order to evaluate critical points of the fluids. The intensity of 
transmitted light became low drastically around the critical point. According to spectroscopic properties, 
it is possible to determine the critical temperature and pressure. Further study is required to understand 
optical properties of molecules and spectroscopic assignment under sub- and supercritical conditions; 
however, it is possible to evaluate critical temperature and pressure of multicomponent geofluids by using 
spectroscopic measurement under hydrothermal conditions. 
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Fig. 3 Relationship between temperature and relative 
intensity of transparent light through H2O during 
cooling stage. 
Table 1 Comparison between experimental value and reference 
data of critical points 
 
 Critical Temperature Tc [ºC] Critical Pressure Pc [MPa] 
Experiment Reference Experiment Reference 
H2O Heating 375.7 374.151) 22.29 22.121) 
Cooling 374.0 21.86 
CO2 Heating n.d. 31.04±0.22) n.d. 6.3±0.42) 
6.143) Cooling 31.8 7.37 
n.d. not determined 
1) ASME (2009), 2) Lemmon et al. (2005), 3) Washburn and Hull (2012) 
